GCS, occlusive hydrocephalus, mechanical ventilation, and systemic sepsis as independent risk factors for PEG tube placement. Conclusion: Disease severity and neurocritical care complications represent the major influencing parameters for PEG tube placement in spontaneous ICH patients.
Introduction
Orpharyngeal dysphagia is a disorder of deglutition which frequently occurs after stroke. In light of varying methods of detection and time of assessment the incidence of dysphagia ranges between 29 and 81% [1] [2] [3] . Apart from aspiration, malnutrition is the most severe complication of orpharyngeal dysphagia [4, 5] . Malnutrition is a common and sometimes unrecognized problem in elderly patients admitted to the hospital [6] and the nutritional status of stroke patients may worsen during hospital stay [4, [7] [8] [9] [10] . As poor nutritional status is associated with reduced muscle strength and elevated risk of infection [11, 12] , which account for increased morbidity and mortality [4, 5, 7, 8, 10, [13] [14] [15] 33 cover from dysphagia within a week [16, 17] . However, dysphagia persists in some patients [1, 18, 19] . In order to maintain sufficient hydration and nutrition in those patients, (par-)enteral feeding is essential, and percutaneous endoscopic gastrostomy (PEG) placement in stroke patients is typically performed if patients are unable to take food orally for an extended period of time while their gastrointestinal tract works [20] .
In this retrospective study, we analyzed how routine PEG placement in a large tertiary University hospital is performed and identified early predictors for the placement of PEG tubes in patients with intracranial hemorrhage (ICH) in order to guide clinicians in the decisionmaking process.
Methods

Patient Selection
All consecutive patients with spontaneous ICH who were admitted either to the neurocritical care or stroke unit of the Department of Neurology, University of Erlangen, from January 2007 until February 2009 were included into this retrospective analysis. The study was based on a prospectively organized database into which clinical and neuroradiological data of all patients with ICH were included.
Two-hundred and thirty-six patients with the diagnosis of spontaneous ICH were admitted. We did not include patients with secondary ICH, i.e. ICH related to oral anticoagulant therapy, trauma, tumor, arteriovenous malformations, central venous thrombosis, subarachnoid hemorrhage, or ICH associated with acute thrombolysis or coagulopathy with platelet counts below 50,000/ l, nor did we include patients with pre-existing swallowing disorders. Moreover, we excluded those patients who received 'do not treat' or 'do not resuscitate' orders within 72 h of admission (n = 14). Patients who were discharged for rehabilitation without receiving a PEG beforehand were followed until day 60 after the initial event to obtain information on whether PEG tubes had been placed after discharge from our hospital. No patients were lost to follow-up until day 61. Hence, 208 patients remained eligible for this analysis.
Acquisition of Clinical Parameters and Neuroradiological Data
Clinical Presentation . All clinical parameter that were collected during hospital stay (GCS, NIHSS, ICH score, APACHE II score, body temperature, and mean arterial blood pressure) were obtained by reviewing the patient's medical charts, emergency protocols, and institutional databases.
Laboratory Parameters . Laboratory data (such as white blood cells, C-reactive protein etc.) were obtained by reviewing institutional databases. Categorization of data was performed -if necessary -according to institutional laboratory threshold values.
Pre-Admission Status and Past Medical History . Clinical status as well as medical history prior to admission was obtained by mailed standardized questionnaires. If the questionnaire did not return within 6 weeks, a semiquantitative phone interview was conducted with the patient, or the closest relatives, respectively. The telephone interviews were performed by two physicians (I.C.K. and J.B.K.) who were trained and certified for data acquisition on disability and quality of life. The collected data comprised prehospital body mass index, modified Rankin scale, history of ischemic or hemorrhagic stroke, use of nicotine, alcohol abuse (defined as 1 80 g ethanol/day), diagnosis of hypercholesterolemia (defined as 1 200 mg/dl), diagnosis of arterial hypertension (defined as 1 140/90 mm Hg), diagnosis of atrial fibrillation, prior myocardial infarction and diagnosis of diabetes mellitus (defined as HbA1c 1 6.5% or fasting plasma glucose 1 125 mg/dl). All patients or their relatives consented to the anonymous use of the data.
In-Hospital Treatment. These parameters [need and duration of ventilation, external ventricular drainage (EVD; for occlusive hydrocephalus [21] ), or lumbar drainages (for posthemorrhagic communicating hydrocephalus [22] ), respectively, intraventricular fibrinolysis [22] , diagnosis of pneumonia, and sepsis, respectively, [23, 24] ] were obtained by reviewing the patient's medical charts.
Outcome Findings . Primary outcome was defined as PEG placement within hospital stay or during rehabilitation until day 60.
Neuroradiologic Data. Diagnosis of ICH was made immediately after hospital admission by either CT (SIEMENS Somatom Volume zoom, Erlangen, Germany) or MRI (Siemens Sonata, 1.5 Tesla, Erlangen, Germany). The site of hemorrhage was defined as either lobar, deep (including thalamic hematomas), cerebellar or brainstem. Hematoma volume was calculated according to the formula of ellipsoids (ABC/2), which has been shown to estimate hemorrhage volume reliably [25] . Intraventricular hemorrhage (IVH) or subdural extensions were not taken into account for volume measurement. IVH was documented and scored using the Graeb score summation for each ventricle [26] . Hematoma growth was defined as an increase of intraparenchymal hemorrhage volume 1 33% as measured by image analysis on the follow-up CT or MRI 24 h after the baseline scan [27] .
Clinical Management
All patients received standard medical treatment according to national and international guidelines [28] . Patients requiring mechanical ventilation during the course of the treatment were sedated with midazolam and fentanyl. Extraventricular drainage (EVD) was initiated in all patients showing evidence of occlusive hydrocephalus [22] . Pneumonia was diagnosed according to the criteria recommended by the American Thoracic Society [29] . Sepsis was diagnosed and treated according to national and international guidelines [30] [31] [32] . Acute kidney injury (AKI) was defined and treated according to the RIFLE classification for critically ill patients [33, 34] .
PEG Tube Placement
In ventilated ICH patients enteral nutrition was started within 24 h after admission via nasogastric tubes according to international and national guidelines [35] [36] [37] [38] [39] , or, as soon as further invasive procedures (e.g. delayed EVD placement or hematoma evacuation) had been carried out, respectively. PEG tube placement was initiated once it became apparent that the individual patient would not be able to consume sufficient oral intake to meet long-term metabolic demands within 30 days, but not earlier than 10 days after the initial event [20, 36, 40, 41] . The actual placement of the PEG tube was then accomplished within 3 days.
All spontaneously breathing patients underwent clinical swallowing evaluation by a speech therapist within 24 h after admission. If aspiration was assumed because of pathological water swallowing tests [42] [43] [44] [45] , fiberoptic endoscopic evaluation of swallowing was performed [46] [47] [48] [49] [50] [51] . Patients with aspiration were monitored for at least fourteen days. Dysphagic patients were routinely reevaluated on a daily basis, or at least every second day, as appropriate. If swallowing did not improve until day 14 after admission, PEG tube placement was initiated within the next 3 days [40, 52] .
Because of varying capacity of rehabilitation institutions, some patients were transferred to rehabilitation within 2 weeks after admission. These patients were followed up until day 60 after the initial hospital admission (telephone interviews by I.C.K. and J.B.K.), and potential PEG tube placement during rehabilitation was recorded.
Statistical Analysis
Statistical analysis was performed with the SPSS 17.0 software package. The significance level was set at ␣ = 0.05. Statistical tests were two-sided. Distribution of the data was assessed with the Kolmogorov-Smirnov test. Normally distributed data is presented as mean 8 SD and was compared using the Student's t test. Other data are presented as median with IQR (25-75th percentiles), or total range, respectively, and was compared using the Mann-Whitney U test. Pearson 2 or Fisher's exact tests were used for comparison of frequency distributions of categorized variables between the two groups (PEG vs. no PEG). One stepwise forward multivariate logistic regression analysis (that included all variables with p ! 0.5) was carried out. 
Results
The initial screening showed dysphagia or inability to swallow due to mechanical ventilation in 129 patients. Twenty-four spontaneously breathing and all ventilated patients received nasogastric tubes. One ventilated patient died after PEG tube placement due to pulmonary complications.
Overall, 51 of 208 ICH patients (24.5%) received PEG tube placement. Thirty-one patients received PEG before hospital discharge and another 20 patients during rehabilitation. Of the 31 patients with PEG tube placement during hospital stay the mean duration until PEG tube placement was 17 days (range [15] [16] [17] [18] [19] [20] [21] [22] in spontaneously breathing patients, and 18 days (range 13-28) in ventilated patients, respectively. Of the 20 patients who did not receive PEG tube placement before rehabilitation the mean duration until PEG tube placement was 31.5 days (range 21-48) in spontaneously breathing patients, and 30 days (range 16-51) in ventilated patients, respectively. Table 1 provides information on demographic characteristics and past medical history. There were no significant differences between patients with and without PEG tube placement. When focusing on neuroradiological parameters, patients who received PEG placement showed significantly larger lobar hematomas, more frequent intraventricular hemorrhage and occlusive hydrocephalus, and an overall higher ICH score, as compared to patients without PEG placement ( table 1 ) .
The initial clinical presentation as well as parameters of the clinical course of all analyzed patients is given in table 2 . Patients who received PEG tube placement were significantly more severely affected scoring worse on GCS, NIHSS, and APACHE. Moreover, necessity of mechanical ventilation, as well as its duration, was more frequently observed in those patients who received PEG tube placement. Furthermore, inflammatory serum markers and presence of pneumonia and sepsis, as well as occurrence of acute renal failure complicated the clinical course in patients with PEG tube placement significantly more often ( table 2 ) . Table 3 shows the univariate analysis. All significant parameters were adjusted in the multivariate analysis that is given in table 4 . The parameters (1) occlusive hydrocephalus, (2) GCS on admission, (3) necessity of mechanical ventilation, and (4) occurrence of systemic sepsis were independently predisposing for PEG tube placement. 
Discussion
To the best of our best knowledge, the present study for the first time analyzed the incidence of PEG tube placement in spontaneous ICH patients and compared clinical and neuroradiological parameters between patients with and without PEG tube placement. Nearly 25% of ICH patients require PEG tube placement, and, as a key finding, disease severity (GCS), requirement of mechanical ventilation, presence of occlusive hydrocephalus and occurrence of sepsis were independently related to PEG tube placement. The following aspects emerge from the data.
An incidence of PEG tube placement of nearly 25% reflects that long-term dysphagia after ICH constitutes a relevant clinical complication [53] . At a second glance, however, and when interpreting the present data, one has to differentiate between ventilated patients who require neurocritical care, and those treated spontaneously on a stroke unit for breathing.
Similar to what has been suggested for ischemic stroke patients in whom mainly disease severity and clinical status -as displayed by the NIHSS -predisposed them for PEG tube placement [54] , the baseline prognostic parameters (GCS, hematoma volume, presence of intraventricular hemorrhage and occlusive hydrocephalus [55] ) represented the major driving factors necessitating PEG tube placement also in ICH patients who received neurocritical care. Hence, it appears plausible that secondary complications of intensive care medicine such as prolonged requirement of mechanical ventilation [22] or acute renal failure [56] [57] [58] [59] were also significantly associated with PEG tube placement. In addition, the incidence of pneumonia (presumably based on aspiration in dysphagic patients), and related systemic sepsis, respectively, was significantly higher in patients who received PEG [54] . This may reflect an epiphenomenon that PEG tube placement may have been initiated in such critically ill patients because of these severe systemic complications, rather than because of the disease and its symptoms itself [20] . On the other hand, spontaneously breathing ICH patients on stroke units may have a different risk profile, and probably clinical symptoms (e.g. dysphagia) and site of hemorrhage (e.g. brainstem) may rather represent independent risk factors, as previously suggested in ischemic stroke patients [54] . However, this is still some uncertainty about the timing of PEG tube placement in spontaneously breathing stroke patients [40, 52] . Besides the fact that lobar hemorrhages with increasing volume predicted PEG tube placement, there was no other hematoma site, and especially not hematoma volume, that was associated with PEG tube placement. On a general note, the incidence of PEG after ICH mainly seems to be related to overall disease severity (and subsequent complications) rather than to specific clinical symptoms alone.
Our study has several shortcomings mainly because of its retrospective design. The specific clinical stroke symptoms were not sufficiently re-assessable. Moreover, a substantial proportion of patients did not receive PEG before rehabilitation because the reason for PEG placement could not be verified as properly as in the clinical setting.
Taken together, disease severity -as expressed by GCS, occlusive hydrocephalus, mechanical ventilation, and sepsis -represents the major influencing factor for PEG tube placement in spontaneous ICH patients. Because of scarce data on the timing and method of enteral feeding in such patients, and until prospective studies will hopefully broaden the knowledge in this stroke field, the present analysis may help to guide stroke physicians in their decision-making process on PEG tube placement in ICH patients.
